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3 MATERIALS AND METHODS 
 
3.1 Overview 
This research offers an insight investigation of the heating rate in the customized Grade 
304 stainless steel tubular reactor during pyrolysis. The tubular reactor is a new design 
therefore the different in the material’s conductivity as well as the wall thickness which 
greatly affects the heat transfer from the electric furnace to the tubular reactor, 
determining the heating rate of the new tubular reactor with a temperature probe is thus 
essential to ensure the temperature inside the reactor has reached steady, uniform 
desired temperature. After the torrefaction process, the results of characterization of 
moisture content and calorific value, together with the Fourier Tranform Infrared 
Spectrometer and Thermogravimetric analysis can be translated into informative 
descriptions to support the idea of rice biomass upgrading objective. 
3.2 Sample Handling 
The biomass sample: rice husk was obtained from Kilang Beras Rakyat Sekinchan Sdn. 
Bhd. Sekinchan, Selangor whereas the rice straw was collected from a small village in 
Tanjong Karang, Selangor. For preservation purpose, the biomass was dried under the 
sun for 2 to 3 days. After that, it was allowed to cool down to room temperature before 
filling it into a sealed plastic container. Extra preventive step was taken in which a 
dehumidifier was together included in the sealed box to avoid the biomass from 
absorbing moisture in the air. Then, for torrefaction purpose, the rice straws were cut 
into the length of 2cm. While to execute the physical properties testing like calorific 
value with bomb calorimeter, the rice husk and straw was pulverised into powder form 
by using a 400W blender. Subsequently after repeated blending, the pulverised form 
was sieved to segregate and acquire a uniform size of powder particles. 
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Figure 3-1: (a) Kilang Beras Rakyat Sekinchan Sdn. Bhd., Sekinchan, Selangor; (b) 
Tanjong Karang Selangor. 
3.3 Chemical 
The only chemical involved in the experiment was nitrogen gas. The nitrogen tank 
(class 2.2, compressed nitrogen cylinder) in the UMP FKKSA Lab was supplied by the 
Air Products company. After receiving the nitrogen tanks from the lab assistant, the 
next step was to fix the nitrogen gas regulator onto the nitrogen cylinder tank. 
Polytetrafluoroethylene (PTFE) tape was wrapped around the connection point between 
the opening and the fitting of the gas regulator to prevent leakage of nitrogen gas. 
Lastly, the teflon tube was used to connect the nitrogen source to the pyrolyzer. During 
the torrefaction process, nitrogen gas was purged at 1 bar to prevent the entry of oxygen 
into the tubular reactor. 
3.4 Temperature Profile Analysis 
Heating rate has become the priority concern in carrying out the torrefaction as the 
reactor being employed in the experiment was customized in order to give a better 
capacity for material insertion. The heat transfer efficiency of the stainless steel Grade 
304 reactor was expected to vary significantly from that of the conventional quartz 
reactor due to the difference in construction material and also the thickness of the wall 
of the reactor. Two main parameters that were involved in determining the optimum 
heating rate were the type of raw materials and also the furnace/torrefaction 
temperature. In my study, the torrefaction was carried out with 3 different sets of 
temperature and the temperature to be varied is the furnace temperature. Hence, to study 
the time required for the raw materials within the reactor to reach desired temperature, 




C respectively. This process was repeated again for the temperature of 200
 o
C and also 
300
 o
C to determine the temperature of the sample within the reactor. A temperature 
probe was plugged in into the centre of the reactor filled with raw materials to check the 
changes in temperature of the raw materials for every 30 second interval. The data 
obtained was used to plot temperature profile in order to observe the range of period for 
steady heating. 
 
Figure 3-2: Apparatus setup for heating rate investigation. 
 
 
 
